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(54) COOLING BASE BOARD FOR PRODUCING QUENCHED METAL THIN STRIP 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent generation of 
air pocket and to uniformize and improve magnetic 
characteristic and mechanical characteristic of a 
metal thin strip by forming V-shaped grooves on the 
surface of a cooling base board (roll) used for 
producing the metal thin strip. 
SOLUTION: V-shaped grooves are formed on the 
surface of the moving cooling base board and 
constituted so as to direct the closed direction of 
these grooves to the moving direction (the arrow 
mark) of the cooling base board/By this constitution, 
atmospheric gas entrapped between molten metal and 
the cooling base board is efficiently ejected to the 
side direction of a paddle and the generation of the 
air pocket is prevented and cooling speed of the thin 
strip can be quickened. In this case, the angle 9 of 
the V-shaped grooves is >0° to <90° angle to the 
upstream direction, desirably 20-70° by using the 
moving axis of the cooling base board as a reference, 
further, the V grooves can be arranged at the different angle in the right and left sides, such 
as the figure (b), to the shifting axis of the cooling base board passing the closed part, but in 
this case, the difference of the 8 s at the right and the left sides is within ±10° to 
stabilize the paddle. 
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CLAIMS' 



[Claim(s)] 

[Claim l] The cooling substrate for quenching metal thin band manufacture characterized by the direction 
which has a V character-like slot on the front face of a cooling substrate, and the slot of the shape of this V 
character closed being suitable in the move direction of a cooling substrate in the equipment which molten 
metal is made to blow off through the teeming nozzle which has slit-like opening, is made to carry out rapid 
solidification, and manufactures a quenching metal thin band on the cooling substrate which moves. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the member for equipments for 
manufacturing the quenching metal thin band used for iron core material, such as a transformer for power, and 
a high frequency transformer. 
J0002] 

"[Description of the Prior Art] As a method of manufacturing a thin band continuously the centrifugal 
quenching method, the single rolling method, the congruence rolling method, etc. are learned by quenching an 
alloy .from a melting state. By making molten metal blow off from an orifice etc. to the inner skin or the 
periphery side of a metal drum which carries out high speed rotation, these methods make molten metal 
solidify quickly, and manufacture a thin band and a wire rod. Furthermore, by choosing alloy composition 
proper, an amorphous alloy similar to a liquid metal can be obtained, and a material excellent in the magnetic 
property or the mechanical property can be manufactured. 

[0003] These quenching metal thin bands contact a molten metal to a cooling substrate, as mentioned above, 
and they are manufactured by carrying out rapid **** of the molten metal, and making it solidify. Therefore, in 
order to quench efficiently, it is important to raise the adhesion of a molten metal and a cooling substrate. 
However, a controlled atmosphere will be actually involved in between a molten metal and a cooling substrate, 
and the hollow called air pocket will be generated in thin **** in contact with a cooling substrate. Since the 
portion of this air pocket is a portion to which the thin band does not touch a cooling substrate, a cooling rate 
becomes slow from the portion to which the thin band touches the cooling substrate. Consequently, 
crystallization will take place in the portion of an air pocket, and magnetic properties or a mechanical 
characteristic will deteriorate. 

[0004] In order to decrease an air pocket, a carbon monoxide and oxygen are burned near the paddle on 
[ movable J a cooling object (hearth) at a predetermined rate, and the method of controlling casting atmosphere 
by making it into low density reducing-flame nature atmosphere near the paddle is indicated (****** No. 
501924 [ one to ] official report). However, a facility not only becomes complicated, but as for this method, a 
manufacturing cost will become high. Moreover, in order to use a carbon monoxide, a problem comes out also at 
the safety on operation. 

[0005] Moreover, in order to reduce the granularity of the cooling object (JP,62- 166059, A) whose front face is the 
irregularity below micron order by buffing in order to decrease the blemish and crack of a thin band front face, 
and a thin band free surface How to make a cooling roller front face the granularity ground and obtained with 
the abrasive paper of the abrasive grain No of No. 600-1000 (JP,4-288952,A), There is a thin band 
(JP ? 60-72648,A) manufactured by the cooling object and it which have a scratch in a cooling roller front face 
aslant to a hand of cut with an eye on magnetic-domain fragmentation of a thin band. However, the publication 
about an air pocket does not have each in these well-known examples. 
[0006] 

[Problem(s) to be Solved by the Invention] It can make it have come as a method of reducing an air pocket, 
conventionally to decrease an air pocket also by the cooling substrate by which there is nothing that has a 
simple facility and the shape of surface type with a simple facility was controlled. Even if air is involved in 
between a paddle and a molten metal, the eccrisis is performed efficiently and this invention decreases the air 
pocket of a thin band easily, maintains contact to a cooling substrate and a molten metal efficiently and aims to 
let a property offer the cooling substrate for quenching metal thin band manufacture from which a good thin 
band is obtained. 
[0007] 

[Means for Solving the Problem] this invention is a thing as given in the following. The cooling substrate 
characterized by for the direction which has a V character- like slot on the front face of a cooling substrate, and 
the slot of the shape of this V character closed in the equipment which is made to blow off and carry out the 
rapid solidification of the molten metal through the teeming nozzle which has slit-like opening on the cooling 
substrate which moves, and manufactures a quenching metal thin band to be suitable in the move direction of a 
cooling substrate. 

[0008] Below, this invention is explained in detail. As shown in drawing 2 , the controlled atmosphere (air) 



involved in the paddle 2 fronr^L upstream expands with the heat o^f molten metal, and an air pocket is 
formed when it solidifies as it is. The conventional cooling substrate has a concave slot to the hand of cut and in 
parallel of a cooling substrate it was formed of polish, and the air involved in in the paddle moves so that the 
upstream of a paddle may extrude. However, in order that new air may enter continuously from an upstream, it 
becomes difficult for air to fall out to an upstream through this concave slot. 

[0009] Unlike such a conventional slot, this invention discharges air efficiently not on a paddle upstream but on 
the side by forming a V character-like slot on a cooling substrate, as shown in drawing 3 , it aims at decreasing 
an air pocket, repeats various experiments, and results in completion. The point of this invention is making the 
once involved in air discharge from the paddle side without the contamination of air. It became possible to 
extract air easily by this. In the cooling object which has a scratch aslant to t he hand of cut of the conventional 
cooling roller, although the same effect was expected, when actually tried, an air pocket was not able to be 
reduced. This is because the paddle became unstable on the contrary, as a result of the involved-in air being 
discharged by only the side of one side of a paddle. 

[0010] In this invention, as shown in drawing 1 (a), (b), and (c), the V character-like slot is arranged so that it 
may close to the move direction of a cooling substrate. Air is efficiently discharged in the direction of the paddle 
side by this arrangement. When it has been arranged so that arrangement of a V character-like slot may open 
to the move direction of a cooling substrate, in order that the extruded air may gather in the center section of 
.the direction of a thin bandwidth, eccrisis of air is not performed and an air pocket does not decrease as usual. 
What is necessary is just to use the cooling substrate of the gestalt shown in drawing 1 (c), in raising 
productivity. 
[0011] 

[Embodiments of the Invention] The cooling substrate for quenching metal thin band manufacture of this 
invention is explained. As for the quality of the material of a cooling substrate, what has large thermal 
conductivity is good. For example, Cu, Cu alloy, Fe alloy or the thing that gave them Cr plating is suitable. 
Although it is suitable since roll methods, such as the single rolling method and the congruence rolling method, 
are stabilized and a thin band can be manufactured as a cooling substrate, it is a book also with the belt method 
[0012] The slot of the shape of V character on a cooling substrate is arranged so that it may close to the move 
direction of a cooling substrate, as shown in drawing 1 (a), (b), and (c). The angle with the direction of the 
upstream to make exceeds 0 degree on the basis of the move shaft of a cooling substrate, and the angle theta of 
a slot is less than 90 degrees, as shown in drawing 1 (d). In order to discharge air efficiently and to acquire a 
bigger effect, the angle of 20 degrees - 70 degrees is desirable. Moreover, a slot may be arranged at a 
right-and-left ******** angle like drawmg.„l (b) to the move shaft of the cooling substrate which passes along 
the portion which the shape of V character closed. In this case, in order to stabilize a paddle, as for the 
difference of theta on either side, it is desirable to make it less than **10 degrees. It is more more desirable to 
be near the center of the direction of a thin bandwidth, although the peak portion which the V character-like 

^ed should just be within the limits of a thin bandwidth. 
F001j]^.e opening width of face of a slot has desirable about ,0.1-50 micrometers . It is because air will not move 
liciently in the inside of a slot if it becomes smaller than about 0.1 micrometers, the probability that a molten 
metal will also enter into a slot will become high if it becomes larger than about 50 micrometers, and movement 
of air is barred. As for a slot, continuing is desirable. When the slot is continuing, it is because air is discharged 
efficiently. There should just be about 10 micrometers or more of the depth of flute. It is because air will not 
move efficiently in the inside of a slot if it becomes smaller than about 10 micrometers. 

[0014] The peak portion which the V character-like slot closed may have an intersection about 1mm or less. 
Although the air which moves from a downstream gathers for an intersection, since it is connected with the V 
character-like slot, air does not pile up. In order to acquire a bigger effect, it is desirable that the intersection 
has closed completely. The interval (pitch) of a slot and a slot should just be about 200 micrometers or less. 
When a pitch becomes larger than about 200 micrometers, the involved in air is not discharged efficiently and 
is a shell. The slot of a cooling substrate can be formed with machine grinding, a rotation brush, a stamp, etc. 
Moreover, also on line, these methods can be held. 
[0015] 

[Example] Hereafter, this invention is further explained based on an example and the example of comparison. 
The thin band was manufactured by the single rolling method for having used the cooling roller (cooling roller 
made from Cu whose outer diameter is 580mm) with the slot of the shape of V character which is example 1 this 
invention. Once a cooling roller ground a roll front face in the shape of a mirror plane, it made the V 
character-like slot form by machine grinding. The angle with the direction of the upstream to make had the 
angle whose right and left are 45 degrees on the basis of the move shaft of the cooling roller which passes along 
the portion into which the shape of V character closed this slot, and the opening width of face of a slot was [ the 
pitch of 16 micrometers and a slot of 30 micrometers and the depth of flute ] 130 micrometers. 
[0016] The thin band was manufactured by the single rolling method for having used the cooling roller (cooling 
roller made from Cu whose outer diameter is 580mm) which gave polish by the usual emery paper as an 
example 1 of example of comparison 1 comparison. This cooling roller has the polish slot parallel to the move 
direction of a cooling roller using the emery paper of No. 600. 

[0017] The thin band was manufactured by the single rolling method for having used the cooling roller (cooling 



,r6ller made from Cu whose oiSw diameter is 580mm) which has arrar^^l the slot of the shape of V character 
opened as an example 2 of example of comparison 2 comparison in the move direction of a cooling substrate 
contrary to the direction of the slot of the shape of V character of this invention. Once this cooling roller ground 
a roll front face in the shape of a mirror plane, it made the V character-like slot form by machine grinding like 
the cooling roller of the example 1 of this invention. The angle with the direction of the upstream to make had 
the angle whose right and left are 120 degrees on the basis of the move shaft of the cooling roller which passes 
along the portion into which the shape of V character closed this slot, and the opening width of face of a slot was 
[ the pitch of 16 micrometers and a slot of 30 micrometers and the depth of flute ] 130 micrometers. 
[0018] Composition of each alloy of the thin film of this invention material and the comparison material 1 and 2 
is Fe80.5Si6.5Bl2Cl (atomic %). The quartz crucible was loaded with 750g of this hardener, after carrying out 
the RF dissolution, the molten metal was made to blow off from a nozzle with slit-like opening on the 
above-mentioned cooling roller which carries out high-speed rotation with the peripheral speed of 24m/second, 
and the thin band was obtained. The used nozzle is a single slit nozzle (width of face of 0.4mm, a length of 
25mm). As for 27 micrometers of each obtained thin band, 25mm and board thickness have width of face. 
[0019] The cooling roller contact surface (roll side) of a thin band was photographed in the **** photograj)h, and 
the rate of area of an air pocket was investigated using the image processing system. Moreover, magnetic 
annealing of this thin band was carried out in nitrogen atmosphere at 360 degrees C for 1 hour, and magnetic 
.properties were measured by SST. The result is shown in Table 1. 
[0020] 
[Table l] 
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[0021] The thin band which produced the rate of area of an air pocket by the cooling roller of this invention to 
the thin band of the comparison material 1 being [ the thin band of 21% and the comparison material 2 ] 25% 
was 10%. In optical microscope observation of the comparison material 2, the big air pocket in the place 
equi valent to the portion which the V character-like slot closed was observed. Moreover, this invention material 
was O.lOW/kg to the comparison material 1 being [ 0.14W / kg / /and the comparison material 2 of the iron loss 
value of each thin band ] 0.16W/kg in W13 / 50 (flux density 1.3T, iron loss value in 50Hz). As these results show 
the cooling substrate of this invention decreases the air pocket of a thin band, and the magnetic properties of a 
thin band are improved by it. 
[0022] 

[Effect of the Invention] According to this invention, since the facility of complicated controllecbatmosphere 
equipment, an auxiliary cooling roller, etc. is unnecessary while the cooling rate of a thin band can be enlarged 
easily and the property of a thin band can be raised, without using complicated controlled-atmosphere 
equipment, an auxiliary cooling roller, etc., a manufacturing cost can be made cheap. Moreover, since it is based 
neither on a component system nor the board thickness of a thin band but the big cooling effect is acquired, 
scopes are latus. furthermore, the thing which an air pocket decreases - the front face where irregularity is 
small - the good thin band of a character is obtained This leads also to improvement in a volume iron core and 
the space factor at the time of stacking and making it an iron core. 



TECHNICAL FIELD 



[The technical field to which invention belongs] this invention relates to the member for equipments for 
manufacturing the quenching metal thin band used for iron core material, such as a transformer for power, and 
a high frequency transformer. 



PRIOR ART 



[Description of the Prior Art] As a method of manufacturing a thin band continuously, the centrifugal 
quenching method, the single rolling method, the congruence rolling method, etc. are learned by quenching an 



•alloy from a melting state. By making molten metal blow off from an oriroe etc. to the inner skin or the 
periphery side of a metal drum which carries out high-speed rotation, these methods make molten metal 
solidify quickly, and manufacture a thin band and a wire rod. Furthermore, by choosing alloy composition 
proper, an amorphous alloy similar to a liquid metal can be obtained, and a material excellent in the magnetic 
property or the mechanical property can be manufactured. 

[0003] These quenching metal thin bands contact a molten metal to a cooling substrate, as mentioned above, 
and they are manufactured by carrying out rapid **** of the molten metal, and making it solidify. Therefore, in 
order to quench efficiently, it is important to raise the adhesion of a molten metal and a cooling substrate. 
However, a controlled atmosphere will be actually involved in between a molten metal and a cooling substrate, 
and the hollow called air pocket will be generated in thin **** in contact with a cooling substrate. Since the 
portion of this air pocket is a portion to which the thin band does not touch a cooling substrate, a cooling rate 
becomes slow from the portion to which the thin band touches the cooling substrate. Consequently, 
crystallization will take place in the portion of an air pocket, and magnetic properties or a mechanical 
characteristic will deteriorate. 

[0004] In order to decrease an air pocket, a carbon monoxide and oxygen are burned near the paddle on 
I movable ] a cooling object (hearth) at a predetermined rate, and the method of controlling casting atmosphere 
by making it into low density reducingflame nature atmosphere near the paddle is indicated (****** No. 
501924 [ one to ] official report). However, a facility not only becomes complicated, but as for this method, a 
manufacturing cost will become high. Moreover, in order to use a carbon monoxide, a problem comes out also at 
the safety on operation. 

[0005] Moreover ; in order to reduce the granularity of the cooling object (JP, 62- 166059, A) whose front face is the 
irregularity below micron order by buffing in order to decrease the blemish and crack of a thin band front face, 
and a thin band free surface, There is a thin band (JP,60-72648,A) manufactured by the cooling object and it 
which have a scratch in a cooling roller front face aslant to a hand of cut with an eye on magnetic-domain 
fragmentation of the method (JP,4-288952,A) of making a cooling roller front face the granularity ground and 
obtained with the abrasive paper of the abrasive grain No of No. 600-1000 and a thin band. However, the 
publication about an air pocket does not have each in these well-known examples. 

EFFECT OF THE INVENTION 



[Effect of the Invention] According to this invention, since the facility of complicated controlled-atmosphere 
equipment, an auxiliary cooling roller, etc. is unnecessary while the cooling rate of a thin band can be enlarged 
easily and the property of a thin band can be raised, without using complicated controlled-atmosphere 
equipment, an auxiliary cooling roller, etc., a manufacturing cost can be made cheap. Moreover, since it is based 
neither on a component system nor the board thickness of a thin band but the big cooling effect is acquired, a 
scope is wide, furthermore, the thing which an air pocket decreases - the front face where irregularity is small 
- the good thin band of a character is obtained This leads also to improvement in a volume iron core and the 
space factor at the time of stacking and making it an iron core. 
TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] It can make it have come as a method of reducing an air pocket, 
conventionally to decrease an air pocket also by the cooling substrate by which there is nothing that has a 
simple facility and the shape of surface type with a simple facility was controlled. Even if air is involved in 
between a paddle and a molten metal, the discharge is performed efficiently, and this invention decreases the 
air pocket of a thin band easily, maintains contact to a cooling substrate and a molten metal efficiently and 
aims to let a property offer the cooling substrate for quenching metal thin band manufacture from which a good 
thin band is obtained. 



MEANS 



[Means for Solving the Problem] this invention is a thing as given in the following. The cooling substrate 
characterized by for the direction which has a V character-like slot on the front face of a cooling substrate, and 
the slot of the shape of this V character closed in the equipment which is made to blow off and carry out the 
rapid solidification of the molten metal through the teeming nozzle which has slit-like opening on the cooling 
substrate which moves, and manufactures a quenching metal thin band to be suitable in the move direction of a 
cooling substrate. 

[0008] Below, this invention is explained in detail. As shown in drawing 2 , the controlled atmosphere (air) 
involved in the paddle 2 from the upstream expands with the heat of a molten metal, and an air pocket is 
formed when it solidifies as it is. The conventional cooling substrate has a concave slot to the hand of cut and in 
parallel of a cooling substrate it was formed of polish, and the air involved in in the paddle moves so that the 
upstream of a paddle may extrude. However, in order that new air may enter continuously from an upstream, it 



b'ecorrfes difficult for air to fall^rt to ari upstream through this concave^ot. 

[0009] Unlike such a conventional slot, this invention discharges air efficiently not on a paddle upstream but on 
the side by forming a V character like slot on a cooling substrate, as shown in drawing 1 , it aims at decreasing 
an air pocket, repeats various experiments, and results in completion. The point of this invention is making the 
once involved-in air discharge from the paddle side without the contamination of air. It became possible to 
extract air easily by this. In the cooling object which has a scratch aslant to the hand of cut of the conventional 
cooling roller, although the same effect was expected, when actually tried, an air pocket was not able to be 
reduced. This is because the paddle became unstable on the contrary, as a result of the involved-in air being 
discharged by only the side of one side of a paddle. 

[0010] In this invention, as shown in drawing 1 (a), (b), and (c), the V character-like slot is arranged so that it 
may close to the move direction of a cooling substrate. Air is efficiently discharged in the direction of the paddle 
side by this arrangement. When it has been arranged so that arrangement of a V character-like slot may open 
to the move direction of a cooling substrate, in order that the extruded air may gather in the center section of 
the direction of a thin bandwidth, discharge of air is not performed and an air pocket does not decrease as usual 
What is necessary is just to use the cooling substrate of the form shown in drawing 1 (c), in raising productivity. 
[0011] 

[Embodiments of the Invention] The cooling substrate for quenching metal thin band manufacture of this 
.invention is explained. As for the quality of the material of a cooling substrate, what has large thermal 
conductivity is good. For example, Cu, Cu alloy, Fe alloy, or the thing that gave them Cr plating is suitable. 
Although it is suitable since roll methods, such as the single rolling method and the congruence rolling method, 
- are stabilized and a thin band can be manufactured as a cooling substrate, it is a book also with the belt method 
[0012] The slot of the shape of V character on a cooling substrate is arranged so that it may close to the move 
direction of a cooling substrate, as shown in drawing 1 (a), (b), and (c). The angle with the direction of the 
upstream to make exceeds 0 degree on the basis of the move shaft of a cooling substrate, and the angle theta of 
a slot is less than 90 degrees, as shown in drawing 1 (d). In order to discharge air efficiently and to acquire a 
bigger effect, the angle of 20 degrees - 70 degrees is desirable. Moreover, a slot may be arranged at a 
right-and-left ******** angle like drawing 1 (b) to the move shaft of the cooling substrate which passes along 
the portion which the shape of V character closed. In this case, in order to stabilize a paddle, as for the 
difference of theta on either side, it is desirable to make it less than **10 degrees. It is more more desirable to 
be near the center of the direction of a thin bandwidth, although the peak portion which the V character-like 
slot closed should just be within the limits of a thin bandwidth. 

[0013] The opening width of face of a slot has desirable about 0.1-50 micrometers. It is because air will not move 
efficiently in the inside of a slot if it becomes smaller than about 0.1 micrometers, the probability that a molten 
metal will also enter into a slot will become high if it becomes larger than about 50 micrometers, and movement 
of air is barred. As for a slot, continuing is desirable. When the slot is continuing, it is beca use air is discharged 
efficiently. There should just be about 10 micrometers or more of the depth of flute. It is because air will not 
move efficiently in the inside of a slot if it becomes smaller than about 10 micrometers. 

[0014] The peak portion which the V character -like slot closed may have an intersection about 1mm or less. 
Although the air which moves from a downstream gathers for an intersection, since it is connected with the V 
character-like slot, air does not pile up. In order to acquire a bigger effect, it is desirable that the intersection 
has closed completely. The interval (pitch) of a slot and a slot should just be about 200 micrometers or less. 
When a pitch becomes larger than about 200 micrometers, the involved-in air is not discharged efficiently and 
is a shell. The slot of a cooling substrate can be formed with machine grinding, a rotation brush, a stamp, etc. 
Moreover, also on-line, these methods can be held. 



EXAMPLE 



[Example] Hereafter, this invention is further explained based on an example and the example of comparison. 
The thin band was manufactured by the single rolling method for having used the cooling roller (cooling roller 
made from Cu whose outer diameter is 580mm) with the slot of the shape of V character which is example 1 this 
invention. Once a cooling roller ground a roll front face in the shape of a mirror plane, it made the V 
character -like slot form by machine grinding. The angle with the direction of the upstream to make had the 
angle whose right and left are 45 degrees on the basis of the move shaft of the cooling roller which passes along 
the portion into which the shape of V character closed this slot, and the opening width of face of a slot was [ the 
pitch of 16 micrometers and a slot of 30 micrometers and the depth of flute ] 130 micrometers. 
[0016] The thin band was manufactured by the single rolling method for having used the cooling roller (cooling 
roller made from Cu whose outer diameter is 580mm) which gave polish by the usual emery paper as an 
example 1 of example of comparison 1 comparison. This cooling roller has the polish slot parallel to the move 
direction of a cooling roller using the emery paper of No. 600. 

[0017] The thin band was manufactured by the single rolling method for having used the cooling roller (cooling 
roller made from Cu whose outer diameter is 580mm) which has arranged the slot of the shape of V character 



opened* as an example 2 of example of comparison 2 comparison in tWmove direction of a cooling substrate 
contrary to the direction of the slot of the shape of V character of this invention. Once this cooling roller ground 
a roll front face in the shape of a mirror plane, it made the V character-like slot form by machine grinding like 
the cooling roller of the example 1 of this invention. The angle with the direction of the upstream to make had 
the angle whose right and left are 120 degrees on the basis of the move shaft of the cooling roller which passes 
along the portion into which the shape of V character closed this slot, and the opening width of face of a slot was 
[ the pitch of 16 micrometers and a slot of 30 micrometers and the depth of flute ] 130' micrometers. 
[0018] Composition of each alloy of the thin film of this invention material and the comparison material 1 and 2 
is Fe80.5Si6.5Bl2Cl (atomic %). The quartz crucible was loaded with 750g of this hardener, after carrying out 
the RF dissolution, the molten metal was made to blow off from a nozzle with slit like opening on the 
above-mentioned cooling roller which carries out high-speed rotation with the peripheraFspeed of 24m/second, 
and the thin band was obtained. The used nozzle is a single slit nozzle (width of lace of 0.4mm, a length of 
25mm). As for 27 micrometers of each obtained thin band, 25mm and board thickness have width of face. 
[0019] The cooling roller contact surface (roll side) of a thin band was photographed in the **** photograph, and 
the rate of area of an air pocket was investigated using the image i_)rocessing system. Moreover, magnetic 
annealing of this thin band was carried out in nitrogen atmosphere at 360 degrees C for 1 hour, and magnetic 
properties were measured by SST. The result is shown in Table 1. 
.[0020] 
[Table 1] 
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[0021] The thin band which produced the rate of area of an air pocket by the cooling roller of this invention to 
the thin band of the comparison material 1 being [ the thin band of 21% and the comparison material 2 ] 25% 
was 10%. In optical microscope observation of the comparison material 2, the big air pocket in the place 
equivalent to the portion which the V character-like slot closed was observed. Moreover, this invention material 
was O.lOW/kg to the comparison material 1 being [ 0.14W / kg / /and the comparison material 2 of the iron loss 
value of each thin band ] 0.16W/kg in W13 / 50 (flux density 1.3T, iron loss value in 50Hz). As these results show 
the cooling substrate of this invention decreases the air pocket of a thin band, and the magnetic properties of a 
thin band are improved by it. 
DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is the ** type view showing the pattern of the cooling substrate of this invention, and a V 
character-like slot, (a) A V character like slot the example which is a bilateral symmetry, and (b) to the move 
shaft of a cooling substrate A V character-like slot shows an example in case the example from which the angle 
on either side differs to the move shaft of a cooling substrate, and (c) manufacture two kinds of thin bands 
simultaneously, and (d) shows the definition of the angle theta of a slot. 

[Drawing 2] It is explanatory drawing in thin band manufacture showing the principle which can do an air 
pocket, and the ** type view which looked at (a) from the upper part of a cooling substrate, and (b) are the ** 
type views seen from the side of a cooling substrate. 
[Description of Notations] 

1 Cooling Substrate 
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